The structure of the hexasaccharide 1 has been examined by a spectroscopic investigation using one-and two-dimensional NM R spectroscopy All 'H and 13C signals of the saccharide part were assigned. N O E SY and ROESY experiments allowed to discuss the flexibility of the molecule.
Introduction
The hexasaccharide (1) which is a decisive pre cursor in our synthesis of the Lewis antigen X (Lex) family of glycosphingolipids [1, 2] carries a large num ber of protecting groups, namely benzyl, acetyl, terr-butyldimethylsilyl (TBDM S) and azido groups. We were interested in confirming the structure of 1, assigning the NMR spectra and pro viding information about the dynamics of the molecule.
Results and Discussion

Signals assignments and interglycosidic linkages
!H and 13C signal assignments of the monosac charide units were made by a combined interpre tation of selective INEPT and all 2D spectra. Here, it was of particular help that the configura tion of the six m onosaccharides was already known; *H signal splittings (Table I) could be in terpreted in terms of the stereochemical position of the hydrogen atoms proving the sugar identities. An example may illustrate the assigning pro cedure for the individual monosaccharide sub units: the 'H and 13C chemical shifts in the anom eric CH fragment as well as the coupling constants 3/(H -l,H -2 ) and '/(C -lJH -l) indicated the config uration at the anomeric carbon atoms. The 'H *H COSY and 'H 'H 'H RELAY spectra afforded the proton connectivities of all protons. A difficulty arose only in the case of the two fucoses A and B; it had to be decided which of the methyl-proton/ H-5 fragments belonged to which H -l-to-H -4 frag ment; for the assignment see below. Inspecting the 'H 13C COSY spectra the carbon signals of C-l Table I. 'H chemical shifts3  and coupling constants (in  H z respectively, could be achieved unequivocally. It should be noted that in the case of the galactose pair (E and F) a differentiation was already pos sible by simple acetylation arguments and by the detection of a V (H CO H ) coupling in F. (In con trast to E, F has a free hydroxyl group.) D 1 and E 1 could not be irradiated separately with suffi cient amplitude. However, since D is the term inal sugar, the only response observed (C4) must be from the PT E 1^C 4 . All results of the selective INEPT experiments are depicted by dashed ar rows in Fig. 2 . The :H and 13C signals of m ost m ethylenes in the eight benzyl groups are very close. Similarly, the methyl and carbonyl signals of the four acetyl groups are very difficult to differentiate. So, we refrained from an individual assignment.
Conformational analysis
As expected the six monosaccharide subunits adopt chair conformations as indicated in Scheme 1. In this part of our investigation NOESY and ROESY experiments were most important. We prefered ROESY because of the overall-motional behaviour of the molecule 1. NOE-induced signal enhancem ent in the NOESY experiments were often small and difficult to detect [3] , NOESY results are summarized in Fig. 2 (solid double arrows) and ROESY results in Fig. 3 .
O ur experiments afforded information about the spatial proximities of certain hydrogen atoms; we assume that the distances are < 3.5 Angstrom so that it was possible to estimate areas of tor sional angles < £> and xp across the interglycosidic linkages [4] (for the definition of 0 and xp see structures in Table III ). The structures in the Fig  ures 2 and 3 are based on the results of these qual itative interpretations, as far as they were reliable enough.
In order to confirm these results we tried to per form MM 2 calculations (personal com puter ver sion) with a double dihedral angle driver for the torsional angles at the interglycosidic bonds, how- ever, without any modelling of the medium. In a first step we optimized the conformations of the monosaccharide unit including the respective pro tecting groups. Then, two trisaccharide substruc tures ( A -C -E and F -D -B ) were constructed and refined. Finally, the optimized trisaccharide fragments were combined and again recalculated. Of course, we are well aware that the value of such models is rather limited. For three glycosidic bonds (A -C , E -C and F -D ) we obtained NO E responses which were consistent with the existence of one single pre ferred conformation. The calculated torsional angles confirmed theses conformations. For the bond C -F we found ROESY (NOESY) signals which are not compatible with one single minimum-energy conformation; we observed contacts between C l and F 2 but also between C l and F3. The MM 2 results confirm this finding by affording two energy minima with a difference of only 1.7 kJ/mol. These two minima (Table III) fit nicely to the spectral evidences. In addition, there were ROESY signals indicating more than one minimum-energy conformation for the D -B bond; contacts between B 1 and D 2, B 1 and D 4 on one hand, but between B 1 and D 3 on the other. Here, however, we calculated only one energy minimum with a rather large ip angle as compared to the A/C moiety with the same junction of the same sugars.
Summarizing, we assume that the central glyco sidic bond (C -F ) is not rigid other than the bonds D -F , C -E and C -A . Sugar B is rather flexible in contrast to the other terminal sugars A and E. We suspect that the large angle in the D -B bond and the flexibility of the C -F bond are due to steric interference between the annelated O-benzylidene group attached to F and B or C, respectively.
Experimental
T h e s y n t h e s i s o f t e r f -b u t y ld i m e t h y l s i ly l -O -( 2 ,3 . 4 ,6 -t e t r a -0 -a c e t y l -/ 3 -D -g a l a c t o p y r a n o s y l ) - For the NM R investigation described here, com pound 1 was dissolved in CDC13 in a ca. 0.05 mmolar concentration. NMR spectra were recorded using a 5-mm-NM R-tube on a Bruker AM-400 equipped with a dual-probe-head ( 'H: 400.1 MHz and 13C: 100.6 MHz) and a selective-excitationunit.
D N M R experiments
'H NMR, spectral width 4000 Hz, 32 K data point, digital resolution 0.24 Hz/point. Selective 1 D COSY and RELAY using Gaussian, shaped pulses [5] (pulse sequence: standard Bruker soft ware), spectral width and digital resolution were the same as in a normal 'H spectrum. 'H broad band decoupled 13C NM R and DEPT (standard Bruker software and param eters): spectral width 25000 Hz, 32 K data point, digital resolution 1. Force-field calculations were perform ed using a standard MM 2 program (PC version).
